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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an LPX generating no 
breakdown and degradation of an X-ray optical element by 
particles dispersed from a target even in the case of generating 
the strong X-ray for a long time. 

SOLUTION: A target material 101 in a liquefied target reservoir 
100 is injected from a nozzle 103 through a pipeline 102 and a 
feed through. The liquid column 122 of the target material 
injected from the nozzle 103 is irradiated with the laser beam so 
as to form plasma to generate X-ray. After the target material 
passes through a variable aperture 107 and a pipe 110, the 
target material is accumulated in a container 111. Thereafter, 
the target material is returned to the liquefied target material 
reservoir 100 for circulation through a container 113 after the 
pressure equalizing operation using each valve. The target 
material injected from the nozzle 103 can be continuously 
injected or intermittently injected. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 
[Claim(s)] 

[Claim 1] The X-ray generator characterized by plasma-izing the target ingredient concerned, and being the X- 
ray generator made to generate an X-ray, and for the gestalt of said target ingredient being more liquefied than 
the plasma concerned, and being breathed out more nearly continuously than a delivery or intermittently by 
irradiating laser light at the target ingredient placed into the container exhausted by the vacuum. 
[Claim 2] The X-ray generator characterize by plasma-ize the target ingredient concerned, be the X-ray 
generator make to generate an X-ray, and for the gestalt of said target ingredient be more powdered than the 
plasma concerned, spread the target ingredient of the shape of this powder in a solution, and breathe out the 
turbidity liquid concerned more nearly continuously than a delivery or intermittently by irradiate laser light at 
the target ingredient placed into the container exhausted by the vacuum. 

[Claim 3] The X-ray generator characterized by being an X-ray generator according to claim 1 or 2, and the 

spray velocity of said target ingredient or said turbidity liquid being at least 50 or more m/ sec. 

[Claim 4] The X-ray generator characterized by being an X-ray generator given in any 1 term among claim 1 to 

claims 3, and said liquefied target or said turbidity liquid being the metal of the dissolved liquid phase. 

[Claim 5] The X-ray generator characterized by being an X-ray generator according to claim 4, and the metal 

of said liquid phase by which melting was carried out being an ingredient containing tin (Sn) or tin (Sn). 

[Claim 6] The X-ray generator characterized by being an X-ray generator given in any 1 term among claim 1 to 

claims 3, and said liquefied target or said turbidity liquid being the cooled liquefied gas. 

[Claim 7] The X-ray generator characterized by being an X-ray generator according to claim 6, and said cooled 
liquefied gas being gas containing rare gas or rare gas. 

[Claim 8] The X-ray generator characterized by providing the circulator style for carrying out the cyclic use of 
waste water of the matter or said turbidity liquid of the liquid phase which is the X-ray generator of a 
publication and is used for any 1 term as a target ingredient among claim 1 to claims 7. 
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DETAILE D DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] About a suitable X-ray generator to use as an X line source used for X-ray devices, 
such as an X-ray microscope, an X-rays spectroscopic analyzer, and an X-ray aligner, in more detail, by 
irradiating laser light on a target ingredient, this invention plasma-izes the target ingredient concerned, and 
relates to the X-ray generator (below, referred to as a laser plasma X line source and LPX) made to generate 
an X-ray from the plasma concerned. 
[0002] 

[Description of the Prior Art] Though it is high brightness, since LPX is small, it attracts attention as the light 
source for the X-ray plants (for example, an X-ray. microscope, an X-rays spectroscopic analyzer, etc.) of 
laboratory size. Moreover, in recent years, it is observed also as the light source for X-ray contraction aligners. 

[0003] However, in putting LPX in practical use, the scattering particle emitted from the target ingredient the 
plasma and near the plasma poses a problem. The configuration of a scattering particle is various from the thing 
of ion, an atom, or a light cluster-like very small particle to the liquid drop-like thing which attains to the 
diameter of several micrometers - about 10 micrometers of numbers and by which melting was carried out. If a 
liquid drop-like heavy large scattering particle collides with an X-ray optics component, it will damage an optical 
element. Moreover, on an X-ray optics component, a small atom-like scattering particle will carry out adhesion 
deposition, and will reduce the engine performance (a reflection factor and permeability) gradually. 
[0004] a small light atom-like scattering particle — receiving — the inside of a vacuum housing — a buffer gas 
— enclosing — the perimeter of an X-ray optics component — covering — a wrap — the amount adhered and 
deposited on an optical element by things — remarkable — it can decrease (JP.7-1 27600,A) — it was not able 
to be prevented with the conventional technique that the liquid drop-like big scattering particle of mass collides 
with an X-ray optics component. That is, although the method of intercepting by the shutter mechanically to 
such a liquid drop-like scattering particle is taken, since the rate of a liquid drop-like scattering particle has 
distribution with the weight etc., it is completely unremovable. 

[0005] Moreover, in order to remove the big scattering particle of such a particle size, it is a high speed (40,000 
revolutions per minute.) about a disc-like target ingredient with a diameter of about 10cm. The attempt which 
centralizes the direction of the scattering particle emitted from near the laser radiation point on a hand of cut 
with the inertial force of a disk was performed by rotating the rate of the tangential direction of a disk by about 
200 m/sec, and irradiating laser light near [ the ] the periphery (L.A.Shmaenok et al., Proceedings of the 
Conf.On Applications of Laser Plasma Radiation H SPIE 2523. and 12-14 July 1995). 
[0006] However, by this approach, since a limitation was in the magnitude of a disk, after irradiating a 
predetermined shots per hour, the trouble of not stopping exchanging targets was. In order to exchange targets, 
if the vacua of a vacuum housing is not broken, it is necessary to learn and accumulate, and it is necessary to 
interrupt operation of the equipment which is using LPX, and effectiveness is reduced remarkably. . 
[0007] Moreover, a target ingredient is made to blow off from the nozzle which is vibrating by the piezo-electric 
element as matter (for example, alcohol etc.) of a liquid in ordinary temperature, an about 10-rnicrometer 
minute drop train is made, and the approach of irradiating laser light at this drop is also performed, although 
there be the features that few big scattering particles of particle size be since this method have the small 
magnitude of the ** target ingredient which can perform continuation supply of a ** target easily , and all the 
drops that irradiate laser light evaporate momentarily , it be difficult to take the synchronization with a ** drop 
and laser light with a complicated ** nozzle shaker style , and a fault of it be stabilize and be hard generate an 
X-ray be . 

[0008] Although the attempt which irradiates laser is also performed into the liquid column part until a drop is 
generated from a nozzle outlet in order that taking the synchronization with a drop and laser light may solve the 
problem of being difficult (L.Malmqvist et al.. Rev.Sci.Instrum.67, and 4150 (1996)), generally there is the die 
length of this liquid column part only about several mm from a nozzle outlet. For this reason, the distance to a 
plasma production location and a nozzle tip becomes near, and ion, an atom, etc. of a target ingredient which 
were emitted from the plasma collide with a nozzle, and shave off a nozzle point. And this shaved-off matter 
will adhere on an X-ray optics component, and will cause the performance degradation of a component. 
[0009] The xenon (Xe) which is gas is cooled in ordinary temperature, the thing which the pellet type with a 
diameter of about 100 micrometers was made to solidify is hammered out in a vacuum housing, and the attempt 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_eije 



06/01/20 



JP,2000-091095,A [DETAILED DESCRIPTION] 
i « 



2/8 ^— v 



which irradiates laser light at this is also performed. Although a part of pellet is rapidly heated by the exposure 
of laser light and being evaporated at this time, most breaks in pieces with the impulse wave by expansion of 
the plasma, and disperses around as a solid wafer. Although it is not connected with degradation of a 
component since the evaporated xenon gas does not adhere on an optical element, the wafer on a solid-state 
may collide with an optical element, and may give a fatal damage. 

[0010] Moreover, the xenon (Xe) which is a gas is blown off from a nozzle in ordinary temperature, and the 
attempt which irradiates laser light at this is also performed. However, since a matter consistency diffuses 
rapidly around the gas which was emitted into the vacuum in addition to the small thing [ since the gas is used 
for a target ingredient / the case of a solid-state or a liquid ], it decreases rapidly as the distance from a 
nozzle leaves the consistency of the target matter. For this reason, if it is going to raise X-ray intensity, it is 
necessary to condense laser light near [ where a consistency is high ] the nozzle. Then, the distance at a 
plasma production location and the tip of a nozzle becomes short, a result which deletes a nozzle as mentioned 
above is brought, and the engine performance of an X-ray optics component is degraded. 
[0011] 

[Probtem(s) to be Solved by the Invention] As explained above, while the target ingredient and the scattering 
particle of a nozzle collided with the X~ray optics component or prevented adhering in the Prior art, LPX which 
it continues [ LPX ] and generates a strong X-ray at a long period of time was not put in practical use. 
[0012] Even if this invention was made in view of such a situation, can continue and can generate a strong X- 
ray at a long period of time, and you cover a long time and you moreover continue generating an X-ray, let it be 
a technical problem to offer LPX which breakage or degradation of an X-ray optics component do not generate 
by the scattering particle from a target. Moreover, let it be a technical problem to offer LPX which simplifies 
the configuration of a nozzle and the synchronization with a target and a laser light exposure tends to take. 
[0013] 

[Means for Solving the Problem] the target ingredient concerned be plasma-ize, and the 1st means for solving 
said technical problem be an X-ray generator make to generate an X-ray, be more liquefied than the plasma 
concerned, and be an X-ray generator (claim 1) characterize by being breathe out more nearly continuously 
than a delivery or intermittently by irradiating laser light at the target ingredient placed into the container 
exhausted by the vacuum. [ of the gestalt of said target ingredient ] 

[0014] In this means, by making a target ingredient liquid, since the consistency of the target matter is higher 
than a gas and close to a solid-state consistency, the plasma of high density can be generated, and X-ray 
intensity can be made high. Moreover, supply of a target ingredient becomes easy, is stabilized for a long time, 
and can use LPX continuously. Furthermore, in this means, since a liquefied target is spouted continuously or 
intermittently, it compares like a conventional liquid drop-like label, is easy to take the synchronization of laser 
radiation with a target, and can irradiate in label exactly. In addition, in this means, since a delivery and a laser 
light exposure location can be detached, it is rare to delete a delivery and its edge strip with ion, an atom, etc. 
which were emitted from the plasma, for these to serve as a scattering particle, to adhere and deposit on an 
optical element, and to degrade the engine performance of an optical element. In addition, a target ingredient 
may be liquefied in ordinary temperature, and may be an object which becomes liquefied heating and by cooling. 

[0015] In here, the intermittence only whose time amount of extent corresponding to the irradiation time of 
laser with "it is intermittent" is extent from which the liquefied target is blowing off is shown. On the other 
hand, ****** is emitted at spacing shorter than exposure spacing of laser for whether your being Haruka, and 
the conventional ****** does not become the thing in this means currently emitted "intermittently." As an 
approach of carrying out the regurgitation of the target matter intermittently, there is the approach of 
controlling the regurgitation by closing motion of an electro-magnetic valve, for example. In this case, what is 
necessary is to make an electro-magnetic valve open just before the exposure of laser, and just to let an 
electro-magnetic valve be close after laser radiation termination. 

[0016] If the regurgitation of the target ingredient is continuously carried out when the matter with high vapor 
pressure is used as a target ingredient, it evaporates, the target matter, i.e., the target matter currently 
breathed out vainly, which cannot irradiate laser, and the pressure in a vacuum housing goes up and is not 
desirable. Therefore, in such a case, especially the thing intermittently done for the regurgitation of the target 
matter is important. 

[0017] The 2nd means for solving said technical problem by irradiating laser light at the target ingredient placed 
into the container exhausted by the vacuum It is the X-ray generator which plasma-izes the target ingredient 
concerned and is made to generate an X-ray from the plasma concerned. The gestalt of said target ingredient 
is powdered and the target ingredient of the shape of this powder is the X-ray generator (claim 2) 
characterized by being spread in a solution and breathing out the turbidity liquid concerned more nearly 
continuously than a delivery or intermittently. 

[0018] This means is suitable to the target ingredient which cannot do a 'configuration with the shape of a tape. 
Xhe easiest approach of using a target ingredient continuously is making the configuration of the target matter 
into the shape of a tape. If laser light is irradiated rolling round a tape-like target ingredient, generating an X- 
ray can be continued for a long time. Moreover, by that to which the thickness of a target ingredient becomes 
thin by considering as the shape of a tape (for example, several micrometers - dozens of micrometers), since 
most scattering particles run in the direction of a target rear face, there is also a merit that the scattering 
particle weight emitted in the direction of a target front face (laser light direction of radiation) can be reduced. 
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[0019] However, there is also an object with it difficult [ to form in the shape of a tape depending on the class 
of target ingredient ]. For example, boron nitride (BN), the ceramics of B4 C and SiC and Zr02 grade, and Si02 
grade are such target ingredients. However, it is easy to make such an ingredient into the shape of powder. 
Therefore, if carry out disintegration of these ingredients, diffuse a powder-like target member in a solution 
(mixing), this turbidity liquid is made to breathe out more nearly continuously than a delivery or intermittently 
and laser light is irradiated at this liquid column ,-izing of the powder-like target ingredient can be carried out 
[ plasma ], and the X-ray from a target ingredient can be used. 

[0020] As a solution, if the liquid of inorganic substances, such as a liquid of the organic substance, such as 
water, alcohol, and oil, and ammonia, etc. is the thing of the liquid phase, they can use it for anythings, choosing 
suitably. Moreover, as for the magnitude of a powder-like target member, it is [ that what is necessary is just 
smaller than a delivery ] desirable that it is dozens of nm - about dozens of micrometers in general. 
[0021] Although an X-ray is emitted also from the solution matter by the exposure of laser light in order to also 
plasma-ize a solution, these X-rays can be easily removed by using a filter and a multilayers mirror. For 
example, the case where the Lyman alpha rays (wavelength of 4.8nm) emitted from B ion are used, using BN as 
a powder-like target ingredient using the diffusion pump oil (alkyl system oil) of an organic system as a solution 
is considered. If laser light is irradiated at this BN turbidity liquid, the X-ray from ion, such as C, O, and N, will 
be emitted from the diffusion pump oil which is a solution, and the X-ray from B and N ion will be emitted from 
BN. the wavelength of 4.5nm which is carbonaceous K absorption end when a carbonaceous thin film (2 
micrometers in for example, thickness) is used as an X-ray filter at this time — the X-ray of short wavelength 
— large — decreasing — the absorption end — a long wave — only merit's X-ray penetrates. Since each X- 
ray from ion, such as C, O, and N, is short wavelength, it is cut with a carbon filter and can take out the Lyman 
alpha rays of B from 4.5nm as a result. Also in this means, the semantics of "being intermittent" is the same as 
said 1st means. 

[0022] The 3rd means for solving said technical problem is said the 1st means or 2nd means, and is 
characterized by the spray velocity of a target ingredient being at least 50 or more m/sec (claim 3). 
[0023] Although the emission rate of the big scattering particle of particle size is based also on laser light 
exposure conditions or a target ingredient, since it is 102 - 103 m/sec extent, 50 or more m/sec, then the 
emission direction of a scattering particle will change the sense into the liquefied label-downstream for the 
liquefied label-spray velocity. Therefore, since a scattering particle liquid drop-like in the liquefied target 
upstream decreases, if an X-ray optics component is arranged in this location, the damage to the optical 
element by these scattering particle can be reduced. 

[0024] The 4th means for solving said technical problem is either of said 1st means to the 3rd means, and it is 
characterized by a liquefied target or turbidity liquid being the metal of the dissolved liquid phase (claim 4). 
[0025] As a liquefied target or turbidity liquid, like zinc, lead, and tin, it is a solid-state and what becomes 
liquefied is used by heating in ordinary temperature in this means. If it is zinc, it is 419.58 degrees C or more 
and lead, it is 327.5 degrees C or more and tin and it will heat at 231.97 degrees C or more, it can be made the 
shape of a liquid. It comes to be able to carry out long duration use by doing in this way rather than the time of 
using these target ingredients as a solid-state (for example, it being disc-like). 

[0026] The 5th means for solving said technical problem is said 4th means, and it is characterized by the metal 
of the liquid phase by which melting was carried out being an ingredient containing tin (Sn) or tin (Sn) (claim 5). 
[0027] Since tin (Sn) has the peak of a spectrum near the wavelength of 13nm, the matter containing tin fits 
the target ingredient of X line source for soft-X-ray contraction lithography which uses the wavelength of 
13nm. Moreover, the melting point can make tin the shape of a liquid easily comparatively low (231.97 degrees 
C). Moreover, since maximum vapor tension is low and it is hard to evaporate also in a vacuum, it does not 
adhere and deposit on an optical element. For example, even if it is near liquid 560 degree C, the maximum 
vapor tension is about ten to 1 1 Torr extent, and is low enough compared with the typical degree of vacuum 
(several Torr - 1 0-6Torr) used as LPX. 

[0028] Moreover, in this means, the metallic material of the liquid phase by which melting was carried out may 
be the alloy and compound containing tin. For example, although a pewter is the alloy of tin and lead, Sn 60% 
and Pb 40% of case, the melting point is lower than the case of 183 degrees C and pure tin, and it is easy to 
make it liquefied. Moreover, like tin, it also sets at about 260 degrees C, and 10-1 1 Torr and since it is very low, 
leaden vapor pressure is not adhered and deposited on an optical element, either. 

[0029] The 6th means for solving said technical problem is either of said 1st means to the 3rd means, and it is 
characterized by a liquefied target or turbidity liquid being the cooled liquefied gas (claim 6). 
[0030] For example, although N2, C02, Kr, Xe, etc. are gases in ordinary temperature, they can be made 
liquefied by cooling. If it is for -209.86 degrees C - -195.8 degrees C in the case of N2, it will become liquefied, 
and in the case of C02, in -56.6 degrees C - -78.5 degrees C and Kr, if it is -111.9 degrees C - -108.1 degrees 
C, in the case of -156.6 degrees C - -153.4 degrees C and Xe, it will become with a liquid. If the target 
ingredient of the shape of such a liquid is used, when [ at which it was shown in the precedent ] it cools and is 
made a solid pellet type, the fragment which poses a problem will not arise, and damage will not be done to an 
optical element. 

[0031] The 7th means for solving said technical problem is said 6th means, and it is characterized by the cooled 
liquefied gas being gas containing rare gas or rare gas (claim 7). 

[0032] If rare gas (Ne, Ar, Kr, Xe, Rn) etc. is used as a liquefied gas, since the matter which evaporates the part 
by which laser radiation was carried out and is used for the optical element does not react chemically, it does 
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not adhere and deposit on an optical element. 

[0033] The 8th means for solving said technical problem is either of said 1st means to the 7th means, and is 
characterized by providing the circulator style for carrying out the cyclic use of waste water of the matter or 
turbidity liquid of the liquid phase used as a target ingredient (claim 8). 

[0034] If the turbidity liquid containing a target ingredient and a powdered target ingredient is used circulating, 
since it is necessary to supply neither a target ingredient nor turbidity liquid from the outside, it can be used 
continuously, and the utilization ratio of equipment can be gathered sharply. Especially, when a target ingredient 
and turbidity liquid are expensive, the running cost of equipment can be reduced. Circulation of a target 
ingredient and turbidity liquid is good, and it is made a solid-state or a gas on the way, and you may make it 
circulate through it as a line with the liquid phase. It is convenient when it is made a solid-state or a gas on the 
way, and is made to circulate, and using the matter of a solid-state or a gas in ordinary temperature. For 
example, since it is necessary to make all, such as a circulating pump, into an elevated-temperature 
specification thing while maintaining the pipe line to an elevated temperature if you are going to make it 
circulate while it has been liquefied when heating like tin and making it liquefied, a configuration becomes 
complicated and leads also to a cost rise. In such a case, if it heats and is made to fuse, the circulatory system 
becomes simple, and before conveying after returning to a solid-state once, and using it as a target, cost can 
also lower it while dependability goes up. 
[0035] 

[Embodiment of the Invention] Hereafter, the example of the gestalt of operation of this invention is explained 
using drawing. Drawing..! is the schematic diagram showing the gestalt of operation of the 1st of this invention. 
In drawing 1 , in Tobjiquefaction target ****** p j pe s and, in 101, a target ingredient and 102 pipe. In 103, a 
nozzle and 104 Y stage and 106 for X stage and 105 A Z stage, 107 X stage and 109 for an adjustable aperture 
and 1 08 Y stage. 1 1 0 — a pipe and 111 — a container and 1 1 2 — a bulb and 113 — a container, and 114, 115 
and 116 — for an aperture and 1 1 9, as for laser light and 1 21 , a vacuum housing and 1 20 are [ a bulb and 117/ 
a lens and 1 18 / a leak bulb and 122 ] the liquid columns of a target ingredient. 

[0036] In liquefaction target ****** 100, it is put into the liquid-like target ingredient 101. Here, water (H20) is 
used as a target ingredient. Liquefaction target ****** 100 is connected to the pressurizer (in this case, high- 
pressure air bomb), and the target ingredient 101 is compressed by the pressure of number atmospheric- 
pressure - 100 atmospheric-pressure extent. Thereby, after the target ingredient 101 passes along piping 102 
and passes feed through, it is spouted from a nozzle 103. Laser light is irradiated at the liquid column 122 of 
the target ingredient made by blowing off from a nozzle 103, the plasma is generated, and an X-ray is 
generated. 

[0037] Feed through is attached in the X stage 104, the Y stage 105, and Z stage 106, adjusts the location of a 
nozzle 103, and enables it to generate the plasma to a position. After a target ingredient passes the adjustable 
aperture 107 and a pipe 110, it is accumulated into a container 111. The inside of a container 1 1 1 is 
decompressed to maximum-vapor-tension extent of a target ingredient by evacuation equipment (not shown). 
The adjustable aperture 107 is attached in the X stage 108 and the Y stage 109. 

[0038] It begins, and after opening of the adjustable aperture 107 being opened by max and determining the 
location of a nozzle 103, it is made for a target ingredient to pass at the core of an adjustable aperture by the 
X stage 108 and the Y stage 109, and the path of opening of an adjustable aperture is gradually extracted until 
it becomes large slightly rather than the path of the liquid column 122 of a target ingredient. By doing in this 
way, differential pumping can be performed now between a vacuum housing 119 and a container 111. 
[0039] If only an amount predetermined in a target ingredient is accumulated into a container 111, a bulb 115 
will be opened gradually and the inside of a container 113 will be exhausted. Bulbs 112, 114, and 116 are closed 
at this time. When the pressure in a container 113 becomes the same as a container 111, the target ingredient 
which opened the bulb 112 and collected in the container 111 is made to flow into a container 113. Then, when 
bulbs 112 and 115 are closed, a bulb 116 is opened gradually and the pressure in a container 113 and 
liquefaction target ****** 100 becomes the same, a bulb 114 is opened and the target ingredient in a container 
1 13 is made to flow into liquefaction target ****** 100. If all target ingredients finish moving, after closing bulbs 
116 and 114, opening the leak bulb 121 and decompressing the pressure in a container 113 to an atmospheric 
pressure, the leak bulb 121 is closed. A target ingredient can be circulated continuously, without interrupting 
supply in the laser light exposure location of a target ingredient by making it above. 

[0040] Since maximum vapor tension is comparatively high, the X-ray generated from the plasma is absorbed 
by the steam in a vacuum housing, and may decrease the water currently used as a target ingredient here. 
Therefore, the target ingredient is cooled so that maximum vapor tension may become low as much as possible. 
Liquefaction target ****** 100, piping 102, the nozzle 103, and the container 111 are cooled by about 1 degree 
C with the cooling system. The maximum vapor tension of 1 -degree C water is about 5 Torr(s). The pressure in 
a container 111 can decompress the pressure in a vacuum housing 119 to the pressure not more than it, when 
5Torr(s) or differential pumping with a container 1 1 1 is made to 5Torr extent by cooling a target ingredient. 
[0041] What is necessary is just to cover the liquid column 122 section of a target ingredient by the member 
which prepared opening for the object for laser light incidence, the object for laser light outgojng radiation, and 
X-ray ejection to lower the pressure in a vacuum housing 119 further. Opening for laser light outgoing radiation 
is prepared in order to prevent the laser light which did not shine upon a target ingredient at the time of nozzle 
justification being equivalent to a member, and as long as this does not have the need, there may be. [ no ] 
[0042] The example of the situation near the nozzle of the gestalt of this operation is shown in drawing. 2 ( a ) 
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and (b). In drawing 2 , for transparency laser light, and 124a and 124b, as for laser light incidence opening and 
126, a member and 125 are [ 123 / X-ray ejection opening and 127 ] laser outgoing radiation openings, and 
other signs show the same object as drawing 1 . 

[0043] The surroundings of a liquid column 122 are covered by member 124a which formed the laser light 
incidence opening 125, the X-ray ejection opening 126, and the laser outgoing radiation opening 127. It has 
stuck between a nozzle 103 and member 124a, and between member 124a and the adjustable aperture 107, 
very few clearances have opened and it can change the location of an adjustable aperture now with X and Y 
stages 108 and 109 ( drawing 1 ). Since the amount which evaporates into a vacuum housing 119 from the liquid 
column 122 section can be reduced if it does in this way, the pressure in a vacuum housing 119 can be 
reduced. As long as it is required, you may make it exhaust the inside of member 124a with an exhauster. 
[0044] In the example shown in d rawin g 2 (b), the perimeter of a liquid column 122 is covered by member 124b 
like drawing 2 (a), and the interior of member 124b can be exhausted now (not shown [ the exhauster ]). 
[0045] When the paths of opening of a nozzle 103 are 200 micrometers and back pressure 35 atmospheric 
pressure with the gestalt of these operations, as for the rate of flow of a target ingredient, about 64 m/sec is 
obtained. Moreover, when nozzle open aperture is 100 micrometers and back pressure is 100 atmospheric 
pressures, the rate of flow of a target ingredient serves as about 150 m/sec. Since the rate of flow of the 
target matter will exceed 50 m/sec if it does in this way, as stated previously, the direction of elutriation of the 
big scattering particle of particle size is changeable into the downstream with inertial force. 
[0046] Moreover, although it collects in the state of a liquid and is made to circulate with the gestalt of above- 
mentioned operation, solid-state **** may be changed into a gaseous condition, and may once be collected and 
circulated so that the gestalt of the following operations may describe. Although water is used as target matter 
with the gestalt of above-mentioned operation, it does not restrict to this. Although water is a liquid in ordinary 
temperature, you may be the matter which serves as a liquid by heating or cooling, for example like tin or a 
krypton. What is necessary is just to heat by heating to the temperature which liquefies a container, a piping 
nozzle, a container, and a container in the case of the matter used as a liquid. Moreover, what is necessary, is 
just to cool to the temperature which liquefies a container, a piping nozzle, a container, and a container in the 
case of the matter cooled and liquefied. 

[0047] In the gestalt of this operation, although water with comparatively high vapor pressure is used for the 
target ingredient, if the matter with low vapor pressure is used in ordinary temperature, since it is not 
necessary to use a differential-pumping system as mentioned above, the configuration of equipment becomes 
easier. As such an ingredient, there are oil for diffusion pumps, oil for rotary pumps, etc. 

[0048] The outline of the gestalt of operation of the 2nd of this invention is shown in drawing .3 . In drawing 3 . 
in 300, liquefaction target ****** pipes and, in 301, a target ingredient and 302 pipe. In 303, a nozzle and 304 Y 
stage and 306 for X stage and 305 A 2 stage, In 307, a pipe and 308 a propeller and 310 for a motor and 309 A 
spiral fin, 311 — a container and 312 — a bulb and 313 — a container, and 314, 315 and 316 — for an aperture 
and 319, as for laser light and 321, a vacuum housing and 320 are [ a bulb and 317 / a lens and 318 / a leak 
bulb and 322 ] the liquid columns of a target ingredient. 

[0049] With the gestalt of this operation, Sn is used as a target ingredient. Once it makes it a solid-state, it is 
made to circulate with the gestalt of this operation in the gestalt of the 1st operation, although it was made to 
circulate with the condition of a liquid even if it was the matter which heated or cools and serves as a liquid. 
Since the part heated or cooled by doing in this way decreases, an equipment configuration becomes easy. With 
the gestalt of this operation, since it is almost the same as the gestalt of the 1st operation, an equipment 
configuration explains in detail only a different place shown in drawing 1 . 

[0050] It is put into Sn which is the target ingredient 301 into liquefaction target ****** 300, and liquefaction 
target ****** 300 is heated to the temperature which Sn liquefies (for example, 300 degrees C). It is heated to 
the temperature to which Sn liquefies piping 302 and a nozzle 303 similarly. Liquefied Sn is pressurized with 
compression nitrogen, and through piping 302, while it has been a liquid, it blows off from a nozzle 303. The 
laser light 320 is irradiated by the liquid column 322 of Sn which blew off in the vacuum housing 319, and an X- 
ray is radiated. 

[0051] Although liquefied Sn enters in a container 31 1 through a pipe 307, it scatters by hitting the propeller 
309 currently rotated by the motor 308, and collides with the wall of a container 31 1, and the spiral fin 310 
attached in 311 in a container. Since the container 311 and the fin 310 are fully cooled by low temperature (for 
example, 10 degrees C) rather than the melting point of Sn with cooling water etc., it is cooled immediately and 
the drop of Sn which collided with container 311 wall or the fin 310 serves as a solid particle. The particle of 
this solid-state falls rolling a fin 310 top, and the bottom of a container 31 1 is covered with it. If only a 
predetermined amount collects, the particle of Sn will open a bulb 315, and will exhaust the inside of a 
container 313, and.it will be made to become the almost same pressure as a vacuum housing 319. Then, the 
particle of Sn with which opened the bulb 312 and the container 311 was covered is dropped in a container 313. 

[0052] Then, after shutting bulbs 312 and 315, opening a bulb 316 gradually and making the same the pressure 
in a container 313 and liquefaction target ****** 300, a bulb 314 is opened and the particle of Sn is dropped 
from a container 313 to liquefaction target ****** 300. If all Sn finishes moving, after closing bulbs 314 and 
316, opening the leak bulb 321 and decompressing the pressure in a container 313 to an atmospheric pressure, 
the leak bulb 321 is closed. Sn particle which fell in liquefaction target ****** 300 is heated, becomes liquid- 
like, and blows off from a nozzle 303 again. 
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[0053] As stated previously, Sn of an about 300-degree C liquid has low maximum vapor tension, and since 
solid Sn is stored in a container 311, compared with Sn of a liquid, vapor pressure becomes still lower. For this 
reason, since it is not necessary to put in and carry out differential pumping of the aperture between a vacuum 
housing 319 and a container 31 1 like the gestalt of the 1st operation, the configuration of equipment becomes 
simpler. 

[0054] The outline of the gestalt of operation of the 3rd of this invention is shown in drawing 4 . In drawing 4 
</A> liquefaction target ****** and 401 400 A target ingredient. In 403, a nozzle and 404 Y stage and 406 for 
X stage and 405 A Z stage, In 407, a pipe and 408 a propeller and 410 for a motor and 409 A spiral fin, In 41 1, a 
container and 412 a container, and 414 and 415 for a bulb and 413 A bulb, 416 — a leak bulb and 417 — a band 
conveyor and 418 — a saucer, and 419, 420 and 421 — a bulb and 422 — for an aperture and 425, as for the 
liquid column of a target ingredient, and 427, laser light and 426 are [ a leak bulb and 423 / a lens and 424 / a 
vacuum housing and 428 ] containers. 

[0055] Although it was made to move to liquefaction target ingredient ****** 300 by dropping the target 
ingredient which is shown in drawin g 3 and which was solidified with the gestalt of the 2nd operation, with the 
gestalt of this operation, it is carrying to liquefaction target ****** 400 on the band conveyor 41 7. Since 
liquefaction target ****** 300 can be arranged near the nozzle 403 by doing in this way, it becomes 
unnecessary to heat long piping from liquefaction target ****** to a nozzle like the gestalt of the 2nd 
operation. 

[0056] With the gestalt of this operation, Sn is used as a target ingredient like the gestalt of the 2nd operation. 
Sn is heated by about 300 degrees C and stored in liquefaction target ****** 400 in the condition of having 
liquefied. Liquefied Sn401 is pressurized with compression nitrogen, and blows off from the nozzle 403 currently 
similarly heated by about 300 degrees C with a liquid. The laser light 425 is irradiated by the liquid column 426 
of Sn which blew off in the vacuum housing 427, and an X-ray is radiated. It enters in a container 411 through a 
pipe 407, and is solidified like the gestalt of the 2nd operation, and liquefied Sn is accumulated into a container 
41 1 as a particle of Sn. 

[0057] If Sn particle of a predetermined amount is accumulated, a bulb 414 is opened, the inside of a container 
413 will be exhausted to a pressure comparable as the inside of a vacuum housing 427, a bulb 412 will be 
opened after that, and the particle of Sn will be dropped in a container 413. 

[0058] Then, bulbs 412 and 414 are shut, and after opening the leak bulb 416 and returning the inside of a 
container 413 to an atmospheric pressure, Sn particle which opens a bulb 415 and is in a container 413 is 
moved to a band conveyor 417. Sn particle is moved to a saucer 418 on a band conveyor 41 7. If a saucer 418 is 
covered to some extent, a bulb 419 will be opened and Sn particle will be slushed in a container 428. (At this 
time, the inside of a container 428 has atmospheric pressure.) 

Then, a bulb 421 is opened gradually and a bulb 419 is made for the pressure in a container 428 and 
liquefaction target ****** 400 to become the same in total. And a bulb 420 is opened, liquefaction target 
****** 400 is dropped, it liquefies, and Sn particle is again used as a target ingredient. 

[0059] If it does in this way, liquefaction target ****** 400 can be placed near the vacuum housing 427, and 
the die length of piping to the feed through of liquefaction target ****** 400 and a vacuum housing 427 can be 
shortened. For this reason, since the member which must be heated can be summarized to near, the 
configuration of equipment becomes easy. 

[0060] Although the target ingredient solidified on the band conveyor 417 placed into atmospheric air is 
conveyed with the gestalt of this operation, this transportation may be performed in a vacuum. Although Sn was 
used as a target ingredient with the gestalt of the 2nd and the 3rd operation, you may be not only this but what 
kind of matter, may be single elements, such as Sn and Zn, and may be alloys and compounds, such as a 
pewter. Although the target matter which serves as a liquid by heating was used with the gestalt of the 2nd and 
the 3rd operation, you may be the matter used as a liquid by cooling. 

[0061] The outline of the gestalt of operation of the 4th of this invention is shown in drawing. 5 . In drawing 5 ? 
in 500, liquefaction target ****** pipes and, in 501. a target ingredient and 502 pipe. In 503, a nozzle and 504 Y 
stage and 506 for X stage and 505 A Z stage, In 507, a pipe and 508 a propeller and 510 for a motor and 509 A 
spiral fin, 511 — a container and 512 — a bulb and 513 — a container, and 514, 515 and 516 — for an aperture 
and 519, as for laser light and 521, a vacuum housing and 520 are [ a bulb and 517 / a lens and 518 / a leak 
bulb and 522 ] the liquid columns of a target ingredient. 

[0062] With the gestalt of this operation, Kr (krypton) is used as a target ingredient. Kr is introduced into 
liquefaction target ****** 500, and it is in it. Liquefaction target ****** 500 is controlled to become -156.6 
degrees C - -153.4 degrees C which Kr liquefies with a cooling system (un-illustrating), and Kr is stored in 
liquefaction target ****** 500 in the state of the liquid. It is cooled to the temperature to which Kr liquefies 
piping 502 and a nozzle 503 similarly. Liquefied Kr is pressurized with compression nitrogen, and through piping 
502, while it has been a liquid, it blows off from a nozzle 503. The laser light 520 is irradiated by the liquid 
column 522 of Kr which blew off in the vacuum housing 519, and an X-ray is radiated. 

[0063] Although liquefied Kr enters in a container 511 through a pipe 507, it collides with the spiral fin 510 
which scatters by hitting the propeller 509 currently rotated by the motor 508, and is attached in the wall of a 
container 511, or the container. Since the container 511 and the fin 510 are fully cooled by low temperature 
(for example, -209 degrees C) rather than the melting point of Kr by liquid nitrogen etc., it is cooled 
immediately and the drop of Kr which collided with container 51 1 wall or the fin 510 serves as a solid particle. 
[0064] The particle of this solid-state falls rolling a fin top, and the bottom of a container 51 1 is covered with 
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it. If only a predetermined amount collects, the particle of Kr will open a bulb 515, and will exhaust the inside of 
a container 513, and it will be made to become the almost same pressure as a vacuum housing 519. Then, the 
particle of Kr with which opened the bulb 512 and the container 511 was covered is dropped in a container 513. 
It is fully cooled by low temperature (for example, -209 degrees C) rather than the melting point of Kr by liquid 
nitrogen etc. like [ a container 513 ] the container 511. 

[0065] Then, after shutting bulbs 512 and 515, opening a bulb 516 gradually and making the same the pressure 
in a container 513 and liquefaction target ****** 500, a bulb 514 is opened and the particle of Kr is dropped 
from a container 513 to liquefaction target ****** 500. If all Kr(s) finish moving, after closing bulbs 514 and 
516, opening the leak bulb 521 and decompressing the pressure in a container 513 to atmospheric-pressure 
extent, the leak bulb 521 is closed. Kr particle which fell in liquefaction target ****** 500 becomes liquid-like, 
and blows off from a nozzle 503 again, 

[0066] What is necessary is just to perform migration in the container of the next step, after making it the 
shape of the shape of a particle, and a grain aggregate by a certain churning and the grinder style, when Kr 
particle stored within the container 511 or the container 513 adheres mutually, suits and serves as a big lump. 
Although it is made to circulate to liquefaction target ****** 500 where the collected target ingredient (Kr) is 
solidified, you may make it circulate in the state of a gas with the gestalt of the 4th operation. 
[0067] The outline of the gestalt of operation of the 5th of this invention is shown in drawing 6 . drawing„6 — 
setting — 600 — liquefaction target ****** and 601 — a target ingredient and 602 — piping and 603 — a 
nozzle and 604 — X stage and 605 — Y stage and 606 — a Z stage and 607 — a pipe and 608 — a motor and 
609 — a propeller and 610 — a spiral fin and 61 1 — a container and 612 — a bulb and 613 — for a vacuum 
housing and 617, as for a lens and 619, laser light and 618 are [ a container, and 614 and 615 / a bulb and 
616 / an aperture and 622 the liquid columns of a target ingredient. 

[0068] Also in the gestalt of this operation, Kr (krypton) is used as a target ingredient. Kr is introduced into 
liquefaction target ****** 600, and it is in it. Liquefaction target ****** 600 is controlled to become -156.6 
degrees C - -153.4 degrees C which Kr liquefies with a cooling system (un-illustrating), and Kr is stored in 
liquefaction target ****** in the state of the liquid. It is cooled to the temperature to which Kr liquefies a 
nozzle 603 similarly. Liquefied Kr is pressurized with compression nitrogen and blows off from a nozzle 603 with 
a liquid. The laser light 617 is irradiated by the liquid column 622 of Kr which blew off in the vacuum housing 
616, and an X-ray is radiated. Although liquefied Kr enters in a container 611 through a pipe 607, it scatters by 
hitting the propeller 609 currently rotated by the motor 608, and collides with the spiral fin 610 attached in the 
wall of a container 61 1, or the container. 

[0069] Since the container 611 and the fin 610 are fully cooled by low temperature (for example, -209 degrees 
C) rather than the melting point of Kr by liquid nitrogen etc., it is cooled immediately and the drop of Kr which 
collided with container 61 1 wall or the fin 610 serves as a solid particle. The particle of this solid-state falls 
rolling a fin top, and the bottom of a container is covered with it. 

[0070] If only a predetermined amount collects, the particle of Kr will open a bulb 614, and will exhaust the 
inside of a container 613, and it will be made to become the almost same pressure as a vacuum housing 616. 
Then, the particle of Kr with which opened the bulb 612 and the container 611 was covered is dropped in a 
container 613. And after shutting bulbs 612 and 614, the particle of the solid-state Kr which heated the 
container 613 and has accumulated in the container 613 is made to evaporate. 

[0071] When the pressure of Kr used as a gas becomes higher than the pressure of the nitrogen gas which is 
pressurizing the inside of liquefaction target ****** 600, a bulb 615 is opened gradually and evaporated Kr is 
made to flow in liquefaction target ****** 600. It is cooled again, and Kr gas which flowed serves as a liquid, 
and blows off from a nozzle. 

[0072] What is necessary is to prepare the container for making evaporated Kr liquefy or solidify, and just to 
once introduce in liquefaction target ****** 600, after making it a liquid or a solid-state when it is difficult for 
the pressure of the nitrogen gas currently pressurized to make higher than the pressure of nitrogen gas Kr 
evaporated very highly (for example, several 10 atmospheric pressures - 100 atmospheric-pressure extent). 
[0073] What is necessary is just to perform migration in the container of the next step, after making it the 
shape of the shape of a particle, and a grain aggregate by a certain churning and the grinder style, when Kr 
particle stored within the container 61 1 (or container which solidifies Kr gas evaporated if ) adheres mutually, 
suits and serves as a big lump. 

[0074] In addition, although Liquefaction Kr is pressurized with compression nitrogen and it is made to blow off 
from a nozzle with the gestalt of this operation, Liquefaction Kr may be pressurized and may be made to blow 
off using Kr made to evaporate. Thus, if it is made to circulate in the condition of having evaporated, the 
distance of liquefaction target ****** and a nozzle will be brought close. For this reason, the member 
controlled to liquefaction temperature serves as only short piping of liquefaction target ******, a nozzle, and 
the meantime, and since it is not necessary to control long piping which connects liquefaction target ****** 
and a nozzle like the gestalt of the 4th operation to liquefaction temperature, an equipment configuration 
becomes easy. 

[0075] In the gestalt of the 4th and the 5th operation, although Kr was used as a target ingredient, as long as it 
is the matter which serves as a liquid by being a gas and cooling not only in Kr but in ordinary temperature, 
what kind of thing is sufficient as Xe, C02, N2, etc. 

[0076] Although the target ingredient of the liquid phase was used, a powder-like target ingredient may be 
mixed into a solution and you may make it blow off from a nozzle as turbidity liquid with the gestalt of above- 
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mentioned operation. In this case, a solution may be a liquid in ordinary temperature and may serve as the liquid 
phase by heating or cooling. Moreover, as a powder-like target ingredient, organic particles, such as ceramics of 
BN, B4 C and SiC, and Zr02 grade, and metal particles, such as Si02, or Fe, Cu, aluminum, Sn, a latex, etc. are 

needed. .... _r + 

[0077] In the gestalt of each above operation, although the diameter of condensing in the target ingredient 
location of laser light is arbitrary, since ablation will happen in the direction of the diameter of said of the liquid 
column of a target ingredient, and it is lost that the big scattering particle of particle size is emitted in the 
direction of a right angle to flow, it is [ comparable as the path of the liquid column section of a target 
ingredient or / be / it / if / it is made larger than it, ] desirable. Moreover, although the target ingredient was 
made to blow off from a nozzle continuously, you may make it blow off intermittently with the gestalt of each 
above operation. This is suitable when the repeat frequency of luminescence of laser is low (a metaphor is 
several 10Hz or less). Moreover, with the gestalt of each above operation, although high pressure gas is used as 
a pressurizer of a target ingredient, a pressurizer is arbitrary, is good and may be pressurized with a 
compressor, a pump (for example, gear pump), etc. 
[0078] 

[Effect of the Invention] As explained above, in invention which relates to claim 1 among this inventions, the 
gestalt of a target ingredient is liquefied, since it is breathed out more nearly continuously than a delivery or 
intermittently, since the consistency of the target matter is higher than a gas and close to a solid-state 
consistency, the plasma of high density can be generated, and X-ray intensity can be made high. Moreover, 
supply of a target ingredient becomes easy, is stabilized for a long time, and can use LPX continuously. 
Furthermore, since a liquefied target is spouted continuously or intermittently, it is easy to take the 
synchronization of laser radiation with a target, and can irradiate in label exactly. In addition, since a delivery 
and a laser light exposure location can be detached, it is rare to delete a delivery and its edge strip with ion, an 
atom, etc. which were emitted from the plasma, for these to serve as a scattering particle, to adhere and 
deposit on an optical element and to degrade the engine performance of an optical element. 
[0079] In invention concerning claim 2, it becomes possible by mixing into a solution as powdered and irradiating 
laser light at this turbidity liquid to generate an X-ray also of the matter which is not processible in the shape 
of a tape continuously for a long time. 

[0080] In invention concerning claim 3, since the spray velocity of a target ingredient or turbidity liquid is at 
least 50 or more m/sec, a liquid drop-like scattering particle decreases by the liquefied target upstream. 
Therefore, if an X-ray optics component is arranged in this location, the damage to the optical element by 
these scattering particle can be reduced. 

[0081] In invention concerning claim 4, by using the metal of the dissolved liquid phase as a target member, a 
long time can be covered and an X-ray can be continuously generated rather than the time of using these as a 
solid-state. 

[0082] In invention concerning claim 5, since the metallic material of the liquid phase by which melting was 
carried out is an ingredient containing tin (Sn) or tin (Sn), it fits the target ingredient of X line source for soft- 
X-ray contraction lithography using the wavelength of 13nm. Moreover, since the melting point can make tin the 
shape of a liquid easily comparatively low, and maximum vapor tension is low and it cannot evaporate easily in a 
vacuum, it is not adhered and deposited on an optical element. 

[0083] In invention concerning claim 6, since a liquefied target or turbidity liquid is the cooled liquefied gas, 
when it cools and is made a solid pellet type, the fragment which poses a problem does not arise and damage is 
not done to an optical element. 

[0084] In invention concerning claim 7, since the cooled liquefied gas is gas containing rare gas or rare gas, the 
part by which laser radiation was carried out is evaporated and the matter currently used for the optical 
element does not react chemically. Therefore, it does not adhere and deposit on an optical element. 
[0085] In invention concerning claim 8, since the circulator style for carrying out the cyclic use of waste water 
of the matter or turbidity liquid of the liquid phase used as a target ingredient is provided, it is not necessary to 
supply a target ingredient from the outside, and can be used continuously, and the utilization ratio of equipment 
can be gathered sharply. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer So the translation may not reflect the original precisely. 

2, **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DE SCRIPTION OF DRAWINGS 

[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the outline of the gestalt of operation of the 1st of this invention. 
[D rawing 2] It is drawing showing the structure near the nozzle of the gestalt of operation shown in drawing 1 . 
[Drawing 3] It is drawing showing the outline of the gestalt of operation of the 2nd of this invention, 
©.rawing. 4] It is drawing showing the outline of the gestalt of operation of the 3rd of this invention. 
[Drawing 5] It is drawing showing the outline of the gestalt of operation of the 4th of this invention. 
[Drawing 6] It is drawing showing the outline of the gestalt of operation of the 5th of this invention. 
[Description of Notations] 

100 [ — Nozzle, ] — Liquefaction target ******, 101 — A target ingredient 102 — Piping. 103 104 [ — 
Adjustable aperture, ] — X stage, 105 — Y stage, 106 — A Z stage, 107 108 [ — Container, ] — X stage, 109 

— Y stage, 110 — A pipe. 111 112 — A bulb, 113 — A container, 114. 115, 116 — Bulb, 117 [ — Laser light. ] 

— A lens, 118 — An aperture, 119 — A vacuum housing, 120 121 — A leak bulb. 122 — The liquid column of a 
target ingredient, 123 — Transparency laser light, 124a, 124b — A member, 125 — Laser light incidence 
opening, 126 — X-ray ejection opening, 127 — Laser outgoing radiation opening, 300 — Liquefaction target 
******, 301 — Target ingredient, 302 [ — Y stage, ] — Piping, 303 — A nozzle, 304 — X stage, 305 306 [ — 
Propeller, ] — A Z stage, 307 — A pipe, 308 — A motor, 309 310 [ — Container, ] — A spiral fin, 31 1 — A 
container, 31 2 — A bulb, 31 3 31 4, 31 5, 31 6 [ — Vacuum housing, ] — A bulb, 317 — A lens, 31 8 — An 
aperture, 319 320 — Laser light, 321 — A leak bulb, 322 — The liquid column of a target ingredient, 400 [ — X 
stage, ] — Liquefaction target ******, 401 — A target ingredient, 403 — A nozzle, 404 405 [ — Motor, ] — Y 
stage, 406 — A Z stage, 407 — A pipe, 408 409 [ — Bulb, ] — A propeller, 410 — A spiral fin. 41 1 — A 
container, 412 413 [ — Band conveyor, ] — 414 A container, 415 — A bulb, 416 — A leak bulb, 417 418 — A 
saucer, 419, 420, 421 — A bulb, 422 — Leak bulb, 423 [ — The liquid column of a target ingredient, ] — A lens, 
424 — An aperture, 425 — Laser light, 426 427 [ — Target ingredient, ] — A vacuum housing, 428 — A 
container, 500 — Liquefaction target ******, 501 502 [ — Y stage. ] — Piping, 503 — A nozzle, 504 — X 
stage, 505 506 [ — Propeller, ] — A Z stage, 507 — A pipe, 508 — A motor, 509 510 [ — Container, ] — A 
spiral fin, 51 1 — A container, 51 2 — A bulb, 51 3 51 4, 51 5, 51 6 [ — Vacuum housing. ] — A bulb. 51 7 — A 
lens. 518 — An aperture, 519 520 — Laser light. 521 — A leak bulb, 522 — The liquid column of a target 
ingredient. 600 [ — Nozzle, ] — Liquefaction target ******, 601 — A target ingredient, 602 — Piping, 603 604 
[ — Pipe, ] — X stage, 605 — Y stage, 606 — A Z stage, 607 608 [ — A container, 612 / — A bulb, 613 / — 
614 A container, 615 / — A bulb, 616 / — A vacuum housing, 617 / — Laser light. 618 / — A lens, 619 / — 
An aperture, 622 / — Liquid column of a target ingredient ] — A motor, 609 — A propeller, 610 — A spiral fin, 
611 
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[K#JS4] IS*^1 A^iii3Ril3<7>-5*>l*-r*i.AM 
^l-|EK<DX«^SST?fcoT. ffJKja«SWXttSU 

fSX&SgSfegSo 

[si#JS5] fi*Jg4l=IHK©X^S§^et?&o 

mv&&M.z*r.tzmtto>&m&. m (Sn) fc-siMiig 

s. 

&Xtg3E±£S. 

[W#JS7] IS*^6lctHK<»X^fl^g-efc-o 
r. ffJffitfJffl£:rt*:j£<b:tf;*A<, 

]Slrffi«0)X»*±SB-efcoT, «W*t#£ LT&ffl 

mum ufcct^attsx 

[SSWroBUBfcBHH] 
[0001] 

tnwos-r xaraRtt. x* 
xisast Lrffl^4<oic»B*x«fB4$iaicBa-r*t 
Rasrr-6cti=*y. aasM«»*^X7«:L. s 
i*. u—tf-^x^xnag. Lpxtnf^) i-n-r* 

[0 0 0 2] 

[&*<D&ffl] l p xi*SiSSr-fcy ^A<^/j^r*fc-& 



-So ifi^-CI*X^ag/jNS3t^affl<D*3Si:LTt, 
[0 0 0 3] L A" L LPX^StJUff -Slcfcfc 

tt^i*. xn^m^i^ffi^-rst^^^JiSSL^ 
-a-cL*-5. JS^-tta)/h$>oCflitfca^-i*x^5t^ 

[0004] ja^-tt«)/h*<et^»»Jia-?i=>*Lri*, 

■r-SS*SL<«ia-e#-5. («i8iF7-l 2 7 600 

Wlz •> -v ^ — -C&Hfi-r -5 £*G>*5£ A<BR £ *VC t * & 
A<* j«5ilittSISItfil : f : ©jSSI*-t©a$tc«t:lc<k y 
ftofeft. £±K:liM&-*-«CJ:j&<-cettl*. 
[0 0 0 5] *f=, cro«fc5'iftftSaJ^:#<i:Sl»*i :: F-$ 

(40. OOODIe/^o R&05&ia:£|Sj<Z>j£Kl*ft20 
Om/sec) T*le]«E$i±. -t<©RSiSfill-U— 9 s — 5fe£!S£t 

tM&*-©*G)£. Rffi<0lH4*IC«fcyi51(£*|Sj|C**$ 
•tf A^TPftTl^fc (L. A. Shmaenok et al. . Pro 
ceedings of the Conf. On Applications of Laser PI a 
sma Radiation II. SPIE 2523. 12-14 July 1995) „ 
[0 0 0 6] LA^LUtf*. C©^?ST-lot. Rfi8W*# 
$lcKy*<fc-Sfctf>. ffi&0>'>3V hSfcfSStLfc&l- 
li^-y-yh Lfc<-Cfc?>JS:l*i:l*5 HHjSA<fe 

©jns$«t>wr-6^s*<*y, »**»l<«t*'i* 

-5. 

[0007] h*t»**a-ea(*©«iK 

(«jttf» T^a— ;U^t*) irL-C, ei'/i^fli 

*t,ti^-&. ^co^acii, (D^-y-v Koa««j&A<sa 
— y=— 3fe * BSSt S *tf= &,t8-t-<t a<bik wic js*-r -s <r> 
AV <DyX;us»«*A<a«refc-&s ©jajStu— 9 s - 

*<!:<DPl^^<!:-&Ci:A<jSL.<. $SLTX^*fE^S 
■ii-|=<LV tL^-5^^A<fc-So 
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[0008] mmt i>— *f-%£<omw*thzLttfm 

frbiTTfrllXTli&itd. Malmqvist et al. . Rev. Sci. 
Instrum. 67, 4150 (1996)). -f&lzZ<D%L&&K0>& 
£|*y X;uffiDfr&3&niitfIgLA*&l\, CCfcA, ^ 
X-?±tfLitm.kSXil,9tm£-e<D&mi}<i5.<UV. 
Xvfrl>1&tii$titz*-?v J'^'em+tii: 

[0 0 0 9] «S-C**^.T-fc-54r-tr>' > (Xe) £5%fi1 
U ES100//mSJg<J)^U-y httlcS^bS-a-fc^O) 

s^u atfjwfc £-5* & 

[OOI 0] *fcu W»-C*M*-0fc**-tl-' > (Xe) £ 

i=tt»f *f=». n&isa>ffigi*yx;uA'ba> 

g£-tif <fc 5 1 -T -S t ffigOBlv X;ujft#l- U— 9 1 - 
[0 0 1 1 ] 

[HISA<«3iL«fc5i:-rSSa] JiiJiKWLfcJ: 
<j£3lS<Z>&ffiKJ3l>TI*. ^-^-y htm-W X;K*>fft8!t 

x nft^ssi^ic«£ l fc y tt£-f «Ct$l»±L 
fc*<t>. MO)X«Sgirai:loTMJtSLPX 

[00 1 2] *#BB^IiC(D«fc-5'Ef¥1fl-ffi^-C'tE$tlfc 

t,<z>-e. !£j£<&x|g£g&rai~MoTfg±$tt.5>c < !:A< 

LA**.. g^Wlc&o-CX^^^L^I+Tt. 

*->r-y hA*t>0>ji*iS*!m-cfc y x«3t^^«isa-v> 
<fe<b*<^e* l#i* l p x s-a^-r -a c t &mm t -t 

*fc. yX;KD«iiJc**^bL. A*o. -si-y-yhtu 

[0 0 1 3] 

[gffi£fi?3i-f -Sfctf><03MS] ffH5&M£fl?^-t£fc:#> 
«SM«*4l-U-1f-^SS9Sfr*Ci:lz«J:y. 



i&y. ttttsp<feya«iMxiira*Mi-Rtiu*^*-i^ 
twt£*-*x (Ht*JSo v&z>o 

[0014] *¥si=fca>n*. 
* z t ic* y . ®totomo>&&&fs.&± y < @<*s& 
sicifi^fcttSffiga^x^^rit-e^. xsss$ 

u y . g^rass lt sssmic lpx z&m-tz ztt>< 
^T. fflWtU- 9 s — Rsstro(^asA<Biy-v>-r<. W«tl=: 

zf^Xvfrt>&mZtit^*l' J t>B!i*t±k-lz&i.)ot 
ttJPAf>^-<7)Sfflfi8ttA<8iJt>ti. w*vf>A^fiit«l ; ?-t'Ecy 

*,«*a*L. mm- 7$&-?&z.kizjiym#;ktzz>toT'tb 

[OOI 5] CCI-fc^T. th^wj <ki*. u— 

tix^zm&nmm&zmTo c*ti~*$L. ifcjfcoj&M 
hf5^t uri*. fcts.il m«/<;u^a>gaKi=«fcy. 

[0 0 16] LT. 3imE<Dat^HA<flEffl 

nzf3ix.mzotm?$>zkt><¥fiznmx'&$><, 

lOO 1 7] ffir8E^S^»*t-i>fcft<DSg2<D^lftli. 
m&lzmfS.Ziitz&&<0<P\zWfr*itz&tottK\z U— 9 s 

l. mm^xy^wxm^m±t-tt^xmn±&mx- 

* y aiswxttra^Mi^ttaj $ tt-s c: t s-^fat -r -s x 
[ooi 8] *#ei4. mftz-T— zf&fc&izi**o 

— 9-3fc£B83t-f*U;!U m^raxS^±*-t+SElt*C 
<kA<T-#*« *fc:. ^-^ttfr-l>Ci:l-J:y. ISM** 
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So 

[0019] L^L3S3b<&. sw*mcoasi-<fco-c 

IMA:**** (BN) *\ B4C s SiC, Z r02^CD 

[0020] ssatUTi*. t;u3-;k 

bftliJJWT^^^ag (58*4. 8nm) *«ffl"T*» 

^^%^So c<DBN?i«?aicL/-if-^*^it-rs 

^t^b(DX«^ BN«fcy. B&tfN-f^VA^CD 

u qftiR^^ygas^oxiacD^^SjS'rSc c. o. 

NH<D>r^->^t)OX^Ii. L^#it,4.5nm<kyfi5eft 
rnn*Mj 4:1*5X1*1** TOIEJBia>*»i:Hi:-e 

feSo 

[0 0 2 2] *|lEB«*fl»»-r*fc*!>©*3©*«l*. 

ffij$ffiA<<l>£ < t t50m/secJil±T-fc-i)C t ^^airf 

[0 0 2 3] *ftg<B:fc#fc*»f&*a>ttaJ&JSl*. U- 
1f-*Mlt*fr^tt*tttl=*J:«*<» I02~103m/se 



[0024] ffiEra*fll»-4-«fetf>aft40*JBfi. 

M$1 fl>¥SA^bSg3(7)^S<DL^*lA'>T*fc^)r. » 

[0 0 2 5] ^fSlcfcl^Tf*. ifrtttSWXIiiljSifci: 

y, M8&*-£;:£lc<fcy»tt£fcSiCD£<£fi!-*--i>o s 
SS"C'fe*tlS419.58 <, CKUi. t&-C-fetll*327. 5°CJ5iJi. 18 
■Cfc*Kf231. 97°CKlJ:l-ttl!!fe-r-6 1 j«f*: ; RI--r'5 - 

[0 0 2 6] *rE»«*f***-*fc*>«>*6(D*«l*. 
BiFfBSg4<B#e-e*-D-C\ *g»**tfc>Sffiro*JlA^ IS 
(Sn) fcftlM*M (Sn) - £ 

[OO 2 7] IS (Sn) 1*«§13nmtti&l::;*'<<> MKDfcf 
— 94<fc«fett. «£^t?«mi*13nra©Stfi£ffll>5IK 

^•5. *fc. fllilkAfttJtttMe< (231.97°C) HC 

«iUSfc<*l*±:fco-Cl>-5560 <, Ctt 
jft-C-feo-Ct.. ^0«afOiRftlE(*^10-1lTorrgST?fe 

10-6Torr) 

[0 0 2 8] £t=. **RI=JStvci*. p&mZtltzfcft 

«5Ui, />>^(*^t«&a)-&*-C-fc-6A<. -?-<7)BijtliSn 
60%, Pb 40%<D«^. 183°Ct<J6»©ffl<D«^J:y t 

t*«)260 0 clc*JL^t10-1lTorri:lf«lz«t^fcto5t^ 

[o 029] MESS*«3t-ri>fctoro^6(D^SId:, 

[0 0 3 0] fct^li. N2. CO2. Kr. Xe^fi:(*®a 

A<T'i?-5c N2<O«^l-l*-209. 86°C — 195. S°C0>fflX'& 
MUMttU 1 ). CO2C0li^lCli-56.6 o C— 78.5'C, K 
r<0«^lc(i-156. 6°C — 153. 4°C, Xe0>«^lCli-111. 9 
°C — 108. rct?fe;h.l*$af*i:fc-5<, 5 <f 

[OO 3 1] «BM«»*t4fcft©*7«)f«l4. 
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(BMWI7) X$>% 0 

[0 0 3 2] ffitiSZ.tLX*kfi7> (Ne. Ar. Kr. Xe. 
Rn) U£&mi*ti\i. U— »f— «BW*ttfc»»l4«Mb 
U fttt*\z&t>frXl*&tonb±1b¥&16LUl*<D 
«C % 3ftqtjR^±lcft»-ltSfr*-i:^*^. 

[0033] itrfESja*«^-r*fc^m8 0)^®«4. 
m*ma) xhz>o 

[0034] ftjz&igiitottm&^timmfc 
zm&Lx&m-tz&oiz-ttin. SM#*4^;*I;S;fc£ 
^ee^ *&&?&&mtftt^<»xmtfttto\z&m?% c £ 

<7>®gU4#ffi<D**froT*J;l^L. &*-e@t*£>£i^ 
lc-«Ui* 1»lKI**ttlc&y* e«14*<JL*<*£#l- 

[003 5] 

©$^-r«BSEIT*te^o El Icfcl^T. 10 0l4&<b« 
MS*y. 10 1l4*SW»#k 10 21412^, 10 3(4 
,/XjU. 1 0 4liXXf-V, 1 O 5liYXf-V, 1 

0 6I4Z7.T— v. 1 0 7I4«T£7/*— ^V— . 108 
liXX^-v. 1 0 9liY^f-v. 11014/W:?. 

1 1 1 I4SS. 1 1 214/^:7. 1 1 3I4SS. 1 1 
4. 115. 11 6I*/<JU^ 1 1 7I4U>X. 1 1 8 
I4S. 1 1 9I4S£SS. 1 2 0(4U-if-3t. 1 2 1 
l*"J— 1 2 2(4SW«*4C05SaT-fc^o 

[0036] aiuiNJisy i o ortic(4#{*#co«M 

* (H20) A<fflL^*ltl^o *<b«Ma*y 1 0 0 
r y . S tttttt i o 1 14. SfiE- 1 o o &E8Jg <r> 

E*-CE»**lTl**. C4ilcj:y«tt»»i o 1 I4E 

§1 0 2*ay. ^x;u 

1 0 3 cfcyflHat" 4o ^X/H 0 3*>bldltii*^TT*# 



[003 7] 7^-K^;UHiXXf-v10 4, YX 
f-v10 5, Z^f- Vl 0 6!Cl»yftlt&*fCfc 

y, ;x;u o3 0)ea*iiSL. sfstottaiz^^x 

^*-1 0 7&t//W^1 1 O^XiiLfelft. SSI 1 

t/Yxf-v i o 9ic3&ytti*&*i-ci**e 

[0 0 3 8] BJSIT/^— ^-V-1 0 7<D§8PI4fi 

|Z. XXf-v1 08»tfY^f-9l 0 9lC«fey rT£ 

^r/<-^«v-(0B8Pcz>g*SW«*4O?«ttl 2 20)8 

•r^Cirlz^y. SffiSSl 1 9£§5§1 1 1 i:0>raT* 
£»am*<tT it * * 9 1= * • 

[0039] §si 1 i toizmtott&tfmfcnaitzrtW 

ytZtiXZtz*. /*;u:7l i 5*tfc*lzMM\ §gi 1 

3W*^$fr^o ZL<Dt&* /N*;U^1 12. 114. 1 

i ettHC&ft-Ci**. SiSi i 3W<DE2lJb<SSf 1 i 

i tmc\zu*otzt&'<)\'-? i 1 2^ggitr§si i i 

Mlc5S£ofcSM#»£!§«i 1 3^3SA*1*&o 
/*;u:?i i 2&tfi i 5£BBi:. /<;u^i 1 6$& 

/7icggit. §s§i i 3 tja<b«W5a^y i oo^e^d 

tf^Clcfcotc^^'^U^l 1 4£Bf|ltT!gS&l 1 3 
^0)«M*rS*^b«6<)^^y 1 0 0^3tA£-tf&o « 
W«^-T-<T^»L^o^^. /<;U^1 16.11 
4*^C. U— <7/^U^1 2 1 £H8l*T§§Sl 1 3^(75 
E^^EttaELfcO)*), 'J-<7/U^1 2 1 $ 
BflCSo &L±<D£?\z?Z>Zt\z&i>). SW«80)L/- 

[0 0 4 0] CCT*SW#»±: LTttJBLTl>&7Kl4Jt 
RMfflfO^aE^iSL^COX* ^ X^ t>Sg£ Lfc: X 

s^srt(D3i^i^^yKiix**i, agitt^5^ 
tt^fc^c *<i>tz&>. -e#^f£(tiSffl3SSiEA<i&<^^ 
<*:5icsw««$»a]LT^^>o »ibwtt9$y i o 

o. I2§1 02. yX;n o 3. §S1 i i liftttKB 
l^cty*?)i 0 cic^ip$4x"Cl>^>c i °co;K<Dfi&SllSStE 
(4*?]5TorrT*fe^> 0 ZL t lz& y 

1 1 1 fl(DE*l45Torr*I&£-C*. HSSS 1 1 9fl(D 
E^I45Torrfc^l^^4. SS 1 1 1 t OS»i$i^t'? 
Tl^iS'&lC^^n^T^E^^^^E-r^Ci:^^ 

[004 1] 1 9rtCDE^I^$t>lCTIf^L> 

rn. u-if-5fea3»m&^xsis?yaiL^cDg8P*igit 
fctt*rc«*.tffti*o u— tF-3fetii5tffl<^^ai4y X;u 
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[0 0 4 2] 02(a). (b) \ZZ (Dm fo<Di&BG>S * 

;uiS«o>«*<D« @2i:fcvt, 1 2 3I43® 

124 a. 124bl«M*. 12 5I4U- 

4f_5txitB8Q. i 2 6i*xii3&yajL&8a. 12714 

[0043] U— tf-3tAStHP1 25. XSS*yiilL 
gfjP 1 2 6&t^U— tF-ttll*BBP 1 2 7 1 

2 4at$ttl 2 2(D@yjaotWc ✓ X/H 0 3 
fcttttl 2 4a(DWfLtfcU, 24a<tpJ 

y. Pl^r/^— ^A* — (DteB£ X. Y^f-v1 0 8. 
1 0 9mi)lz£t>)UitX'£Z&5\zU'z>X^Z>o C(D 

[0 0 4 4] H2 (b) iZ3i*-r«icj3ivc!4* mz 

(a) &n«l:XSl 2 2©«M«Bf1 24btIo 
Tfcy. 2 4 b(Drtgfl£8m (#S56fil4E!^L 

ri>^t^ XZZ>&o\zt£^Xl^Z>o 

[0045] cint)CDll*E<7)^®-cy X>n o z<r>mu 
tf>g#200/im. 1TE35&E<0<h£. SM*ma>3Si$l4 
ft64m/secj&<»**t4o *fc. </ XiUBPtttflOOji 
m. «E*<100»EO>**lcl4. ««*t»0>aatttt150 
m/seciJEf*. Z0)*3l^fti:*W*BK^3ll*l*5(Ws 
ec£g*4<DT*. ftlca^fc«fed^«tt*l^<l:y«tSCD 

[oo4 6] ±aoos«sa>»iiTi*af»a>tt«i-c 

<fc5lc % — B.. H(*fc4l4»{*<DttffllcLTEJDU *SR 
jtttJ:^ ±20>»fc<D»ttTI4«M1**fc Lt* 
£JHlvcit*4<. C4xlcH*tO)T?l*ftL^ 7KI4SS-C 

»ft 4 im* A»-r 4 - 1 iz & y t a 483ft*r? fc o r 

tt»-r4Ci:l=*y}»i*i:tt**«<D»*lctt 

§§§. Ef/x;k mm. •nt*ft;'r*aKi=ao»L 

[0 0 4 7] **!S<D»ffllC*5l^TI4. «W*t»lCit« 

rtcki^-e, »«(©aia^*y«JiH=a«. ca>*9 



[0 0 4 8] *^(Om2(7)||J£0^®a>SB8^EI3lC 
^■To S3lCfcl>T. 3 0 0(*Wb«W»*y. 30 1 

i4&M*m. 3 0 2i*E<g. 3 0 3i*yX;u. 30 4(4 

XXf-v, 3 0 5I4Y*t— V. 3 0 6I4ZX^— 
V. 3 0 7l*/<-f^ 3 0 814^— 3 0 9(4^P^< 
7. 3 1 OI4*8J£tt?-<>. 3 1 1I4SS. 3 1 214/* 

3 1 3 (4§S. 3 14. 31 5, 31 6li/\> 
7 % 3 1 7(4L/>X. 3 1 8I4&. 3 1 9I4K£§S. 
3 2 0141/- tf-5fc. 3 2 1tty-M^ 3 2 2I4 

[0 0 4 9] *S8J6<D»ffl-CI4. «M*mtLTSnjWB 
l*&tlTl*«. mi (0HJfi(DJ^ffilCfctNTI4. *DS»fc4 
lM4JftfflLT*(*t<f4«5H"CfeoTt?att^*SS<0* 
*2ia$#TL>fc^. *HJS(7)^ffi"CI4— SHi*lCLT 
A^&«a*#"CL^4o CCD^^[ct*4Ci:lCcfcy . 
fc*lM4*»"r*»»*^a<ft*fc»* 
SlC<C4c *Hffia>ft2®"OI4. gSt*j£l40 1 iZ^Ltz 

mMonntoM&tmnmctsox. m&*h zl^oh 

[ o o 5 o ] 8Hb«Mffl* y 3 O O <7>^ICSW»*4 3 0 

1 -cfcssnA^Att&tfcasy. «ft*wa*y3ooi4 

°C) o ■B*3 0 2&l/-/X;U3 0 3 4»BWlcSn3b<?aftt" 
-&aS*-e*nf»**LTl^o »<bLfcSnl4E«B*lc«fc 

y»E*tt* Ef 3 o 2 $1 y y xji 3 o 3 j: y jftita) 

**i«ai*tt4o JC£§8I3 1 9rtlc»mS*ifcSn<D5* 
«3 2 2ICU— 9 s -* 3 2 0*<fSB»*ftX«*<IM***l 

4o 

[005 1] jft*<7)Snl4/W^3 0 7«aUMl3 1 1 

rticA4*<. * — 3 0 8icj:yiateLrt^s^D^ 

^3 0 9lcSfc«Ci:lC«ky»tftky. SS3 1 1 <7)f*J 

#s^3 i 1 icwy(*it&*txi^*iJMStta>7-f 

>3 1 oicffi^-T-So §883 1 1&tf7<r >3 i o(4J* 
ffl7K<Ci:fCj:ySna)»jftcky t+^lcfig («*li10 
°c) ic^ip*ttTi^<D-e. §83 1 i^M^^-r>3 

1 OlC®^LfrSnCD?a5Sl4-rC**^a3*^. 

cflOB(*o>tt*i47-f >3 i oa>±t«s3^y 

W<b^Tt, §S3 1 1 (^JSIcS^^o SnO)tt?-^Rr 
«(D*f£lta*ofca:&tf. /<JU^3 1 5^§8ltT#§l 

3 1 3«siSL, ss§si3 1 s timimcmxizte 

ZZSlz-rZo *a>«. /^-?3 1 2*BBifc»«3 i 
1 lcj8*-D-Cl>fcSn<DttT*§S3 1 3^I=:^T*# 

4c 

[0 0 5 2] -tCD^. /<;U"?3 12.31 5 ^ IB^. 

^^3 1 6*^>^icigitT§S3 i 3&ttitana*y 

3 0 0^CDE^$-BCICLf-^. /<;u^3 1 4^B8(tT 
Sn(7)fii^$§§S3 1 3^&a<b*M»*y 3 0 0^»T 
*ti-4o SnA<-T'<T»ML»:bofc&. /^U^3 1 4. 
3 16^C, "J-^7/^;U^3 2 1 *BaitT§§&3 1 3 
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^sfe^ttTiSffttic^y. m;-/x;u3 0 3£yisaj£ 

[0 0 5 3] SfelZ^frctdlcGOO^gSOja^Snl* 

«. ZOtzft. SKDHJ£(D^®(D<J:9^JIS§S3 1 
9 £§83 i i cDWlcr^— ^-v— £A*iTSSM#St-r 

[0 0 5 4] @4lC*^<Dm3<DHffia)^<Da^* 
^"To SUlCfcl^T. 4 0 0(*5afc*M»*y. 40 1 
4 0 3I4/X;U. 4 0 4l*XX J f-V. 4 
0 5I*Y*t— S/. 4 0 6BZ^f- v. 4 0 7lt/W 
^ 4 0 814^—*. 4 0 9I4^P^<7. 4 10I4JBJS 
tt? -f 4 11 I4§8, 4 1 2 l*/<JU7» 4 131*8 
8. 4 14. 4 1 5fi/{JU7. 4 1 6l*y— 9/<iU^. 
4 1 7I4'<JU ha>^<7, 4 18l4§l*Jm. 419, 4 
2 0, 42 11*/^ 4 2 2tty->/<;^ 4 23 
I4U>X* 4 2 4I4&. 4 2 5ttU-if-*, 4 2 61* 
«W#*4tf>&tt. 4 2 7I4JC£§8. 4 2 8(*§gt* 

[0 0 5 5] E!3(z^-rH2(DllSS<D^©r*(4. @*b L 
fe* M»» fc*T * # * c i: iz * y 5Hb*tt*m9 * L J 

z,>kt4 1 7i=*y«<t*wa*y 4oo^a*LT 
os/ X;u4 o 3 <Dififti::gsa-e# S2^I 

[0 0 5 6] *liffia>fl28gT?l4. ^2<DHJfeCDff2®<t^ 

i=in»**t. 8Mb Lfc*«i-e»<b«ttJi* y 4 o o ic* 

A&fi/Cl**. »HbLfcSn4 0 1 l4EI§g5§le<J: y ftllE 
$*U I^l:<300 o CSSlcJIDf»*tl-CL^4> f X;U4 O 3 

*y*(*©**«m**t*. nsss4 2 7rticffltii$ 

tltz$n<D&&4 2 »f— *4 2 5MfMt**lXl» 

jMMt**lft. «*©Sn»/W^4 0 7tayMl4 1 
micAy. m2<DHJS(7>^ffii:Plfillc@^b$tt. Sn(D 
tt^t Lt§S4 1 1 rtlcg»£ft4 0 

[0 0 5 7] HrS<D*0>Sna*A<»«*tifc6. /<A^ 
4 1 4£&fjltT§84 1 3^I2§S4 2 7Wtl^S 
a<DE**-e»»L. *0M*/<;i^4 1 2£§f|l*TSn<7) 
^^^4 1 3lcJgT£i*4o 

[0 0 5 8] -?<Dft« 12.41 4£Bfl#>. 'J 

-^7/<;U^4 1 6£gaifT§84 1 3rtS*ftElcML 
fcSL /^U^4 1 5£IH]I1-T§84 1 3rtlzfc4Sn«^ 
^ha>^7-4 1 7lC*rr o Sn«T-l4^;Uha> 
K7-4 1 7icj:y5ltini4 1 B\z&£tlZ> 0 ft If IE 4 

1 8lC**SS»*ofc&. /<;U^4 1 9£IHjlfTSn& 
^^§S4 2 SftClglL&frc iZ.<Dt£* §8428 



/<JU^4 1 9 £*$tf>T. /*A/?4 2 1 £&*Cl 

naif §84 2 8 ^»<b«Mffl* y 4 o o nos.*t<m c 

\ztj:Z>&o\Z'fZ> 0 fit, /<;U^4 2 0£§BlfTSnf& 

***<b««a*y 4ooic*T**-caftL. 

[005 9] CO) J: 5l:t4t*ft«»I* « 4 O O * 
I2tS4 2 7 0j5< ICt< Ct)!)<t*§, SfcflsSMS* 
y 4 O O £KS§84 2 7<7)-7>r— K*JU— *T<DE« 

[O O 6 O] ***0!>»tt-CI4. *ft*lCll^*tfcKjU 

hzj>^r-4 i 7iCcfcy@^bLfc«M»»*«JaiLr 

l>4*<. CO>tt»l*Kffi*T*froT**L\, »2. 13 
(D*JS<D»llT»tt«»»»i:L"CSri*fflL^TL^fc*<. Z 

*-<D7C*r*fcoTiJ:l^L. / % if 0>ft**Mbfi 

^r-ftott,*:^ $2, m3o>iiffia)^si-ei*AD^-r 
4 - <t ice*: y &t*± tez&totomzmi^T^tztf. >%® 

[006 1] S5lC*^P^<Dm4(DHJ£a)f^®<DSl^* 

^•Tc S5ictetNT. 5 ooi*a<b««a*y, 501 

I4*«*f». 5 0 2I41S1\ 5 0 3I4,/X;U. 5 0 4li 
XXf-v, 5 0 5l*YXf-v, 5 0 eiiZX^r— 
v. 5 0 7tt/W^ 5 0 8!*^, 509I*?D^ 
^. 5 1 Oli««tt^-f 5 1 1 (4§8. 5 1 2(4/* 

5 1 3 5 14. 5 15. 5 1 614/^U 
y % 5 1 7l4lx>X. 5 1 8I4S8* 5 1 9I4S£§8. 
5 2 OI4U-if-3fc* 52 1tt'J-^<i^ 5 2 2 14 

[0 0 6 2] *ftlta>KBTM*« «H*mfcLTKr 
U^h» £/fH>Tl*4o a<b*»a*y5 0 0lC(4Kr 

»b»M5i*y 5oor**»*« 

H^) lc*y % Kr*<^b-T4-156.6°C — 153. 4*t left* 

* 5 icwtsis^. Kr(*sft(*a>«tt-e*ft«wa* y 5 o 

OfWz»UiS*lXl^o lB©5 02&I/yXjU503t 
B*l=Kr35<*<b"r*sBflE*"e3*»**fCl^*o ««Lfc 
Krl*ffilM*i::*yinE**u Ef502SiU^XjU 
503 <fcy*#<D**«Ul*tt*. ES885 1 9WIC 
RSttS$+tfcKr<7>^tt5 2 »f-*5 2 0J&UHWS 

[0 0 6 3] ;^0)Krl4/^>r^5 0 7^ffiy§S&5 1 1 
rtleA&A^ ^ — ^ — 5 O 8 lC<fe L J lalfiLTl^^P^ 

o 9icafe*ci£:i=J:y*iitftty*as 1 1 co^m 
■^§sip^(eixy^(tt)nxi^4SJS«<D^o5 1 oie 

®^t^ 0 §85 1 1 &Xj74y5 1 OI4»«:§mft<i: 

ic^yKroomjftiyti+^i-isa («*»*-2orc) \zn> 

W2tlXl*Z><DXu §85 1 1 ftmV?* >5 1 OlCffi 



(8) 
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[0 0 6 4] c<D@f*0>*W-ii:7-r ><a±£&* u J 

ft/£l1-ff*ofctt&f2. /^u^5 1 5£gfIltT§«5 i 
3rt£#ftU SS§S5 1 9t«KBi:E*lz«:** 
^ic-T^o ^-CD^. /^U^5 1 2£BS)rtT§g5 1 11c 
^gE^Tl^Krttft^S&S 1 3rtlc8rF$-£6o S 
g5 1 3t§S5 1 1 B«lc?S«:^^i:lCcfcyKr(Dia 

[00 6 5] -£<7>&. /^U^5 12.51 5 £ifl#U 

;U3f5 1 e^&^lcgfjitTSSS 1 3t^bSWjS*y 
5 o oto<DE.Ji&mc\zLtz&i. /^u^5 1 4^igitr 

Kr<7)Si^-*§«5 1 3fr*mt&toffl& 1 ) 5 0 0^17 
5 16*BBi:. 'J-^/<;U^5 2 1 £gf)l*T§S5 1 3 
5 2 1 S-fflC^o *ft:M«i*y 5 O OrtlC&TLfcKr 

[0 0 6 6] *U 1 1 fc£lMi!§S&5 1 31^ 

SfK$ttTl>^Krie^-/)<Sl>lC< oO^fclV *#*B 
*ytttoTL*ofc**lCl*ffl&^0)ai#. »»«« 

0)»B*!TX.tfJ:^. »4 0>|*«(DJMrci** BttLfc 
WAN*** (Kr) J@ftLfcttBT?aft«tt«*y5 00 

[0 0 6 7] *^0)m5OllJS<D^®<7)«l^ 
S6lCfcl^T, 6 0 0l*jS<b«MS*y* 6 0 
1 (*Btt*t*k 6 0 2 {*IB<g. 6 O 3 XjU. 6 O 4 
lixx-r— 5/. 6 0 5liYXf-v, 6 O 6liZ7f- 
V. 6 0 7I*/W^ 6 0 81*^ — 6 0 9I*^P^ 

5. 6 i oi£4gJ£#:7-r 6 i i 6 i 2li/\* 

6 1 3l*§g. 6 14. 6 1 5I*/<JU7* 6 1 6 
l*S£§«* 6 1 7I*U— If— 6 1 8I*U>X. 6 
19»B, 6 2 2l*SM»*40)?«tt-C?fc^c 
[0 0 6 8] *Slta>MRt::&l*Ti». SWTOi Lt 
Kr *ffll*Tl**o a<kfttI*U6 00 

lc(*Kr/)<»A$*Lt^c JIMbUMJKy 6 o oii^JPS 

5 (*FB«) l^cfcy. KraWMt"r*-156.tt5~- 153. 4°C 
lca**5l-«IW**t. Krl*»*<D«tt-ca<b«WJi* 
yrtlC?fK**lTt^c / XJU6 O 3 t,H«lcKrrt<;aHb 

*yiDE**i. /X;U6 0 3J:yS**a>**(tHi**l 
-So E^§§6 1 6rtlC«tti**lfcKr(D*tt6 2 2 \Z U 
— tf— *6 1 7#Btf**lX«*<IMtS*l5. jfctK^Kr 
l*/W^6 0 7$iyM6 1 1 rtlzA4A<. * — 

6 O 8 \Z£ yEJtetn^^o^^ 6 O 9lr^tz€>C<t 

ic*y»tf«y. s«6i 1 (DWfi-\bS»rtici»yf*i+ 



[0 0 6 9] §g6 1 1 »tf7-f >6 1 O l*;${*gfl§fc: 
if|zJ:yKr<Dtt^J:y (09*I*-2O9°C) IC 

jftffl**iTi*5an?* §S6 i 1 torn*?* >6 1 OlZ 
«*LfcKrO)Jj«||H:-rC**»»*4i. B^ttTta 

U «9<D&i::, a i$&. 

[0 0 7 0] KrOe^^S^a^ftt^i^ofca^lS. 
/<;u^6 1 4^ggitr§S6 1 3rt£iSL, SSSS 
6 1 6£IS(3nai:Eai=«:*<fc5l-"*"«« *(D&. /^U 
^6 1 2£lfllt"C§»6 1 1 IZ«*oTl*fcK r(D*&^ 
£§§§6 1 3rtlCJTFaF1*ft. fit, /<JI^6 1 2. 
6 1 4S^fc^ 886 1 3*ttIf»L#S6 1 3\Zft 
*oTl**B(«ra>l»*JMb*1**. 

[007 1] JM*iiSofcKra)EE**<*<b«Ma*y 6 

o ortSiDE urt^*a*#xa)E*j:y t*as< ttofc 

6. /<j|,76 1 5£&X\zMlf. ftft;LfcKr£j8Hb«M 
B*y 6 0 0rt!C55A$1±^c »ALfcKr*TXI*Wtf>fr 

[0 0 7 2] toff LTl**a*#*<DE*J&<#M!t 

|CS< («*li«10*ff~100»ff««) . SHbLfcKr 

sssi#;*<Dff * *yti*<-r«ct3WiL 

l* % «ftLfcKr*;SMbfc*lM*B<Hb*-fr*fc«>CD»» 
SfflSL, -M. «(**fcl*B(*l=Lr^6*fc»»B 

* y 6 o o rtic»A-r*u*£i> 0 

[0 0 7 3] SS6 1 1 (&«IM±« iLi&Sfc&SHb 
LfcKr#^*Bi«b-r««l) rtT*»je$*tri>^Kr& 

fc»*ici*ra&*a>«#k tt»«*ic*y«ffttfc*i* 

[0 0 7 4] tt*5. C<0HS6<D^SlT(i. ffffiBXI^J: 
y jjHbKr £ toff L T y X/bcfc y ifitti * 1*T l> JMb 
*#fcKr*fflL^raftKr*linELTi«ttS-frXtiJ:l^ 
C(7>J:5lc. a^bLfc*»r*»aiS1i-titf»<bSMffl* 
y ir/X^KDffiK^iS^ltbtt^o Ztotzth* JftlbSK 
*»»3^*fc«»B* y t -/ X;ui:^0)racDS 
t^E«/fl+4:<f y. * 4 0)1^6(0^81(0 cfc^l-SftfcaiM 
9« y t y X;u*ofe Cfti«ff *»<bSSlc«IW-r * 

[0 0 7 5] flt4. m5(DHJS(0^®lCfct^TI*. 
y. *»-T*C4:lc*y»(*i:aS:**>l^ft*ttfXe^>C 
[0 0 7 6] ±3S0)StJfi<D»ffl-ei*. ^ffi(0SW»*4* 

iS^: ury X;^^^t>Ilam^?■t±Tt,^l^o coii^. 
iz<fcyj*ffit<i:*tia)-cfto-ct*L^ tt^tto 

«W#»tLTI4. BN, B4C. SiC, 2 r 

t7 S S I 02. XI* F e . C u. A U S 
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[007 7] ja±.o«-siss<o»fiiicfc^-c(*. u— »f- 

05#SIB£<D»©T?li. SM#*4£ill£Ml::^X/U*^Pg 

(fifl;LWttr-V— *K>^) fti't'ttttLttJ:^. 
[007 8] 

[*BJJ<o»&] Ja±i»B^Lfc«fc5l-. ^l6B^<D5*»iS* 

y. ttffiP<fcy51Sfl*i3z.»±M*B«ji-iittti$*t^a>-c. & 

g<a^5X^£ifeJ5)c-e£. x«s£&£s<-f s^ttf-c- 
^i.. »w»»<»«is*<ssi=<py. garages 

LTiI«EMlZLPX*{£ffl-r4Ci:*<-e#-5. $bl=. 

[0 0 7 9] |f*JS2lZ«S*BJI-fcL^I*, T^-^tt 
[0 0 8 0] i«*«3l-«-5*BJICfc^-CI*, 

[00 8 1 ] H*^4l-«-5>l|B^ICj3l.^Tli. j8S£*t 

L-CfflL^St^cty =t. &BHmz W.-oX&Gi 

[008 2] «#JS5IC&45£BJll:;fc^-CI;i:, *§ia$tv 
fcj£*S<0&II*mA<. m (Sn) fcSlMilg (Sn) £^t; 
WRXfo&COX. ISnmcOiKg^fflt^ttx^Sg/JMJ V>/ 
5?*-ffl<DXfi^(0«fiW^l::iSL-Cl^. ft 



[0 0 8 3] fS*3S6lc^4*BBIcfcU^I*. ifcttlSB*} 
[0 0 8 4] gi*«7IC^*S§BJ|CfcL^I±, ft&Ztl 

tz&itiS*t><. *ttiiz.z.te*kii*£-£t;ii*X'&z><D 

;ftTL^&H£i'lbSi*KfELfcl\> J:ot. 3fe^3t^-± 
[0 0 8 5] IS*3S8f=«-5S6BJ|Cfcl,^TI*. SM«S 

[BSOffii&ftigft] 

[a 1 1 *JSBjia>§5 1 ronjsof^ffiosiBS^^-riaufe 

[02] 01 l-^LfcllSfe05^!gC0y XjHrHftCDfllig* 
[03] *fEB^om2<OHffi©»S8fl)«B8^*-rET-& 
[OS 4] *mBJX»Wr3<D&1&0>J&&<DWL&£:7F-tlBX-to 
[05] *f£BS(0Sl4<DllJS(0JKII<OS[B8^^f 

[06] **B^<om5<7)IIS£(Ojefil<DSBS**-r0T'fe 

■5c 

[*?^<&lftBJ§] 

i o o-#<b&W58*y. 1 o 1 -«w*m. 10 2- 

Eg, 10 3-/Xjk 10 4-XXT-9. 10 5 — 
Y^-r— V. 106-Z7f-A 1 O 7— pT^T^— 
?•■* — . 10 8-XXf-v. 10 9-YXf-v, 1 

1 0-/W?. 1 1 1 "§11. 1 1 2— AJU?. 1 1 3 
-!gS§. 114. 115. 11 6— /*JU:7, 1 1 7 — U 
1 1 8 -B. 1 1 9-KSS», 1 2 0-U— tf 
1 2 1 ■■■>)- 1 2 2» «W«»fl>?« 
tt. 1 2 3-SiSU— -y 8 — 124 a. 1 24b-9 
*t. 1 2 5-U— tf-jtAStlBO. 1 2 6 -X*IBiyttS 

LBBP. 1 2 7-U— tf-aJlt^P. 3 O 0-58Ht«tfl 

SB* y. 3oi-&w*m. 3 0 2-iee. 303-/ 

XVU. 3 0 4-X^f-A 3 0 5-Y^f-V. 3 0 
6-ZXf— A 3 0 7— 3 0 8—*—*. 3 
0 9-?D^7. 3 10-SlStt7^>. 3 1 1 -t 
S. 3 1 2-/<;i/^. 3 1 3 -§g. 3 14. 3 15. 
3 1 6— 3 1 7 — U>X. 3 1 8— B. 3 1 9 

-S^SIf. 3 2 0-U— +F— jt. 3 2 1-U— J7/^U 
^. 3 2 2-1ISW*m<7>fttt. 4 O 0-J«<b«M5S * 

y. 40i-8Btt». 40 3 -yX;u. 4 0 4-x^ 
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•r— v. 4 O 4 0 6-ZXf-v, 4 

0 7-/^^ 408-^, 409-^D^7, 4 

1 0 -f 4 1 1 4 1 2--/^U^. 
4 1 3-§g, 4 14. 4 1 5— 4 1 6 — 'J — 
^/^l/^. 4 17-^h3>K7, 4 1 8—Sl+JIIL 
4 1 9. 4 2 0. 4 2 1-/^ 4 2 2-U-^/^l/ 

4 2 3-U>X, 4 2 4-g, 4 2 5-U— if— 

4 2 6--iSM»*4(&&fc. 4 2 7-l^S, 4 2 

5 0 2—lBe. 5 0 3-7X;k 5 0 4-XXf- 
v. 5 0 5-YXf~v, 5 O 6-ZXf-v, 5 07 

5 0 8-^-^ 509-?D^7, 510 



• SJStt^^ X 511 -gS. 5 1 2-/\';u:7. 5 1 
3---§§. 5 14. 5 15. 5 1 6--/<;U^. 5 1 7 — 
U>X. 5 18-S, 5 5 2 0-U- 

tF— fc* 52 1-'J-*/^7, 5 2 2-g«»fi^a 
tt. 6 0 0 -»ftSM»*y. 60 1 6 0 

6 0 3WX;k 6 04 -XXf- v. 6 0 
5-YXf-y, 6 O 6-ZXf-v, 6 0 7-/U 
^. 6 0 8-^-$. 609-?DK7, 6 10-iSi 

6 1 1-tS, 6 12-/W, 6 13— # 
S. 6 14. 6 1 5-/<;U7f. 6 1 6-IS§S, 6 1 
7-..U— tf— 6 18---L/>X. 6 19—&. 6 22 
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[D2] 





123 



107 



(a) 




(b) 
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*$g§2 O 0 0-9 1 095 



[B6] 




